Our previous work demonstrated that boron (B) supplied to soybeans (Glycine max [L.] Merrill cv 'Williams 82') by a stem infusion technique increased the number of pods on branches and led to a significant yield increase. Therefore, research was continued to determine whether soil or foliar applications of B could be used to achieve the same results. Field experiments were completed with both soil and foliar applications of B. Only the foliar applications of B resulted in a significant increase in the number of pods/branch. When split foliar treatments were applied twice during flowering, the total application of 0.56 kilograms of B per hectare was the optimal treatment for increasing pods/branch. In a second field experiment in 1987, soybeans were treated weekly from flowering through podfill with six split foliar applications of aqueous H3B03 solutions so that total applications were either 0, 1.1, or 2.24 kilograms of B per hectare. Foliar applications increased the number of branches/plant at the end of the season and significantly stimulated the formation of pods on branches, with 1.12 kilograms of B per hectare being the optimal treatment for these variables. This rate also tended to increase the number of seeds/plant and seed yield/plant. A duplicate experiment with minor modifications was conducted during the summer of 1988, and again the 1.12 kilograms of B per hectare application rate resulted in significant increases in number of branches at harvest as well as number of pods on branches. The 2.24 kilograms of B per hectare application rate also significantly increased these parameters. Foliar B applications induced increases in leaf B concentration far above the 60 micrograms per gram level that was previously accepted as the upper level of tolerance for soybeans. Since optimal branching and per plant yield parameters were achieved by plants with B leaf concentrations greater than 160 micrograms per gram, the accepted range of soybean tolerance for B must be reconsidered when B is foliarly applied.
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Boron was first shown to be an essential micronutrient for plant growth more than six decades ago (22) . Since then researchers have alluded to its involvement in such diverse cellular processes as protein synthesis, sugar and hormone translocation, membrane transport, and nucleic and phenolic acid metabolism (13) . However, the primary function of B and its mode of action within plants remain unknown, and the response of plants to supplemental B seems to be inconsistent. There are several reasons why B research is difficult to carry out and interpret. First, the narrow range oftolerance between B deficiency and toxicity makes B fertilization decisions difficult. Second, soil-applied B is easily bound by organic matter as well as by iron and aluminum hydroxides (5) , thereby making it unavailable for uptake by plants. In addition, B is quite immobile in the plant (5) so that redistribution of this element to developing sinks may be a problem. Finally, since the function and mode of action of B remain unknown, timing of application for most efficient uptake and utilization is guesswork.
Although the Leguminosae have a relatively high requirement for and tolerance to B, the response of soybeans to B fertilization has been quite varied. In a greenhouse study, Nowotnowna (9) reported a sixfold increase in soybean seed yield and a higher seed oil content with B amendments to soil. Piland et al. (12) observed a 56% increase in soybean pods/plant after a broadcast application of 22.4 kg borax/ha (Na2B407* 10 H20; 1 1% B) but found that this same treatment caused leaf burn as well as a reduction in plant population and plant height. Other field studies have shown that effects of B fertilization on soybeans differ from one plot to another, often depending upon control levels of B present in the soil (18, 25) . Poole et al. (14) found that a single foliar application of B during podfill did not significantly affect soybean yield. Schon and Blevins (16) used a stem infusion technique to inject 0.1 mm boric acid (H3BO3) solutions directly into soybean stems from flowering through physiological maturity. This methodology allowed for a slow but continual supply of B directly into the stem throughout the reproductive phase of the plant, thereby eliminating some of the difficulties of B fertilization mentioned above. Boron treatment caused a significant 84.8% increase in the number of pods on branches and a 17.6% increase in total seed weight/plant, indicating that levels of available soil B and/or B's immobility within the plants may have limited both the formation of pods on branches and subsequent yield potential of control plants.
Boron deficiency in soybeans is generally not considered a problem in the midwestern region of the United States, so fertilization is usually not recommended. However, B has been shown to influence levels of auxin (13) and cytokinin (21) (Fig. 1) . Soil-applied B did not significantly affect the number ofbranches at harvest or the number of pods on branches (Table I) .
Two split foliar applications of B during flowering (experiment 2) tended to increase the number of pods on branches (per plant), while number of pods/branch was significantly increased by the 0.56 and 1.12 kg/ha B applications (Table  II) . The number of pods/branch showed a significant (P 6 0.05) quadratic response to B, with the 0.56 kg B/ha being In all experiments, leaves were sampled from the top of the canopy as plants were nearing physiological maturity. After thorough washing in tap water, leaf blades and petioles were rinsed three times in deionized water, dried, and ground. Tissue was digested in HN03/ HCI04 and analyzed for boron using an inductively coupled plasma emission spectrometer. The line at 60 ttg/g indicates the previously accepted upper level of soybean tolerance for boron.
the optimal treatment rate for this variable. Seed yield/plant was also optimized by this application. In this experiment, leaf B concentration was slightly but significantly increased from 50 ktg/g in control leaves to 55 Atg/g in leaves treated with the 1.12 kg B/ha application (Fig. 1) . Marginal necrosis was noted in leaves of some plants treated with the 1.12 kg B/ha application, but only after the second application.
Six split foliar applications which totaled 1.12 kg B/ha in 1987 (experiment 3) increased the number of branches/plant at harvest and significantly stimulated the number of pods on branches (per plant) as well as pods/branch (Table III) . All of these parameters showed a significant (P < 0.1) quadratic response to B, with the 1.12 kg B/ha being the optimal treatment for these variables. Seed yield/plant was slightly increased by both rates of foliar B. Boron applications throughout podfill greatly increased the leaf B concentration from 44 ,g/g in control plants to 187 ,ug/g in plants treated with 2.24 kg B/ha (Fig. 1) . Even though this is much higher than the 60 ,g/g leaf B concentration which is usually considered toxic to soybeans (8, 25) , these leaves exhibited only minimal marginal necrosis, and plants were obviously not negatively affected by this treatment (Table III) .
When six split foliar applications were applied from preflowering through podfill in 1988 (experiment 4), plant response was very similar to that observed in 1987. Again, foliar-applied B increased final branch number and significantly stimulated the production of pods on branches (Table  IV) . The difference between actual number of branches/plant reported in Table III and Table IV was probably due to the greater plant population in 1987 (311,097 plants/ha) as compared to 1988 (178,458 plants/ha). The 1.12 kg B/ha application was again the optimal treatment for these parameters, but in this experiment the 2.24 kg/ha B treatment also caused significant increases in branching and pods on branches. All three treatment levels significantly increased the number of pods/branch. The 1.12 kg B/ha application promoted the highest seed yield/plant, mainly due to a significant increase in seed size. Large incremental increases in leaf B concentration were observed with increased foliar applications of B (Fig. 1) . The 2.24 kg B/ha application increased B concentration from the 47 ,ug/g control level to 248 ,g/g. This treatment caused only slight marginal necrosis and led to a significant increase in whole plot yield (data not shown). The optimal treatment for branching, pods on branches, and seed yield, 1.12 kg B/ha, increased leaf B to 164 ,ug/g. DISCUSSION Our initial study with stem infusions of B into soybeans (16) was the first report of B stimulating pod number on branches and thereby increasing soybean yield. The fact that soil applications of B did not affect branching or pods on branches was not surprising, since leaf B concentration had not changed with B treatment (Fig. 1) . Soil organic matter or Starting at late flowering, and weekly throughout podfill, foliar applications of aqueous H3B03 solutions were carried out so that a total of six sprayings resulted in total elemental boron applications as indicated below. Per plant yield components were determined as described above (5) .
Two split foliar applications of B during flowering increased the number of pods on branches (Table II) , while six split foliar B applications throughout the soybeans' reproductive phase significantly increased final numbers of branches and pods on branches in both 1987 and 1988. It seems that repeated foliar applications of B from flowering through physiological maturity most closely mimicked the methodology and response of the stem infusion technique (16) . Repeated foliar applications provided a continual supply of B to the plant, with small incremental additions allowing for greater total applications without complications of toxicity. Boron movement in plants is primarily dependent upon the transpiration stream, which causes toxic accumulation of B along leaf veins and at the leaf margins (10) . Foliar applications may allow for a more even distribution of B across the leaf surface.
Foliar applications of B also circumvented the frequent problem of soil B being unavailable for plant uptake due to binding by organic matter (5) . Tissue analysis demonstrated that B concentration was significantly increased in soybean leaves after six split foliar B treatments (Fig. 1) . In 1988, foliar applications from preflowering through podfill also caused significant increases in seed B concentration, indicating that the applied B had been mobilized within the plants (data not shown). Repeated applications also eliminated some of the guesswork of proper timing of application for most efficient uptake and utilization. Since B has been shown to influence pollen tube growth (20) , sugar translocation (4), and flower and fruit retention (2, 23), repeated applications throughout soybeans' reproductive phase spanned the critical times for physiological responses to B.
Weaver et al. (23) observed yield increases in Phaseolus vulgaris after foliar applications of B and credited this to increased pod retention due to the role of B in pollen tube growth. Eaton (2) also listed B as a prime factor in retention of cotton squares and bolls due to the role of B in the translocation of carbohydrates. Since B movement from soil to leaves is dependent upon the transpiration stream, lower An increase in soybean branching with B fertilization has never been noted. Whittington (24) observed increases in number ofstems/plant in red clover and total length ofstems/ plant for field bean when B was added to the water or sand culture in which the plants were grown. Molgaard and Hardman (7) reported increases in branching and pod number of fenugreek, a legume with a high B requirement, with increases in culture solution B concentration from 0 to 0.33 mg/L. Subsequent decreases in the number of branches and pods were observed as B levels became toxic. The increase in final branch number on soybeans after foliar B applications suggests that B either increased retention of branches throughout the growing season or affected apical dominance either directly or indirectly. Apical dominance seems to be regulated by the relative concentrations of auxin and cytokinins in plants (1, 15). Wagner and Michael (21) reported that B deficiency caused a decline in cytokinin biosynthesis in sunflower roots as determined by xylem sap concentration. This was not surprising since B deficiency inhibits the growth of root meristems, the major site of cytokinin synthesis (19) . Plant B status also influences auxin level in shoots (3) and roots (6) , and auxin translocation seems to depend upon B as well as Ca (17) . Since B deficiency affects both of the plant growth regulators that regulate apical dominance, perhaps B/ hormone interactions induced the release from apical dominance and subsequent increase in branching observed in soybean plants treated with foliar B sprays.
The same B-treated plants that exhibited an increase in branching (Table IV) Woodruff (25) stated that plant tissue analysis, rather than soil analysis, would be the best means of evaluating the need for B fertilization, with 9 to 10 ,ug/g and 50 to 60 ,g/g B being the critical levels, respectively, for deficiency and toxicity in soybean leaves. However, this accepted range of soybean tolerance for B must be reconsidered when B is foliarly applied in view of the fact that optimal branching and per plant yield components were achieved by plants with B leaf concentrations > 160 ,g/g.
